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:tNTRODUCTION
The general features of the sedimentary rocks in a
region, their distribution, and the relationships of
these rocks to other rocks of the area and of adjacent
areas, are some of the things in which most geologists
are interested, for reasons of general curiosity or for
obtaining a better understanding of their specific prob-
lems. However, to obtain such information it often takes
tedious study of,many detailed reports to piece together
the general picture.
This thesis is written in an attempt to summarize
the availabl'e information' on the sedimentary rocks of
Montana and the adjacent areas. Many reports have been
published on the different formations, and on various
parts of the whole area. However, for some phases of
this subject the information is scant, and for others
it is lacking entirely, and there is a general lack of
regional correlation.
Some work on this same problem has been done pre-
viously. The chief ones being the works of Perry (Ref: 48)
and Clapp (Ref: 9). Perry's report gives a condensed pic-
ture of the distribution of sediments throughout Montana
with only a few discrepancies noted. However, the dis-
criptions of lithologies and relationships of formations
are very brief. The writer, using Perry's report as a
basis for this work, will enlarge upon it, and try to
give a more complete picture of the distribution, lith-
ology and relationship of formations across the state.
The bulk of the information, contained herein, was ob-
tained from published reports, and the writer is grateful
to the numerous authors whose works are listed in the
bibliography. A good general knowledge of the subject
was obtained through the teachings of E. S. Perry, speci-
fically in his course, Geology of Montana. So the writer
is especially .grateful to him for this and also for the
advice given by him •.
The series of maps included in this report ·are essen-
tially the same as those given by Perry (Ref: 48). A few
IDinor changes have been made. The group of columnar sec-
tions is compiled from the best available information in
a large number of reports, and the authors whose works
have been Lnc'Luded therein are noted.
GENERAL STATEMEN"T
Physiography
.Montana has a varying physiographic character; from
mountain ranges in the west to plains in the east, with
the mountains extending out into the central portion as
isolated uplifts in the surrounding plains.
'Thewestern mountain ranges have a series of broad
flat intermontane valleys which were occupied by lakes
that existed in Tertiary time but were later drained.
The rivers flowing eastward connnonly flow through deep
valleys cut into the plains. This is probably due to a
broad regional upwarping after the area had been leveled
-2-
to a near peneplane.
General Geology
Rocks of all periods of geologic time from the Archeo-
zoic to the Recent with the exception of the Silurian are
present in Montana. Numerous exposures of all the forma-
tions are found in the western mountain ranges. However,
large igneous bodies present difficulties in correlations
as they separate areas of exposure, and they have caused
lithologiC changes. ,In the northwestern part of the state
a large area has had all the Paleozoic and Mesozoic rocks
removed by errosion. In the central portion of the state
most of the rocks are exposed in the isolated uplifts,
but these uplifts are widely separated, and in places
correlations between them are not easy_ In the eastern
plains area only rocks of the late Mesozoic and Tertiary
are exposed, and little information is available on the
earlier Paleozoic sediments. Exposures ·in the Black
Hills region, ,and a few scattered deep drill holes, are
the only sources of information on these rocks. The strata
in the mountain area are highly folded and faulted with
the complexity of the structure decreasing to only slight
warping in the eastern area, where most of the strata lie
practically horizontal.
Qeologic History
The geologic history for Montana begins with the
bringing into existence of the basal complex, probably in
Archeozoic time. The chief exposures of these rocks are
in the southwestern and south-central portion of the state,
-3-
but they are believed to underlie most of the state.
Their high degree of metamorphism indicates that they
were deep1;y buried at one time. During Proterozoic time
the area was subjected to erosion and a nearly flat sur-
face resulted. In the western portion of the state the
Belt series was deposited on this flat erosion surface.
At the end of Proterozoic time there was a period of
emergence with a slight amount of warping. Then in
Middle Cambrian the area was submerged, and upon this
relatively flat surface was deposited the series of
Paleozoio and Mesozoic rocks with a few periods of emerg-
ence, oausing gaps in the sedimentary sequence. At the
end of the Cretaceous period, and on into early Tertiary
time, came a period of orogeny. This consisted of folding
and faulting accompanied by considerable igneous aotivity,
and resulted in the formation of the Rocky Mountains. A
period of erosion followed the uplift, and left a flat land
surface. The region was then faulted by large block faults
to form the present mountain ranges, and also the ,inter-
montane valleys in which Tertiary lakes once existed.
Later erosion has formed the present land surface.
pRE-CAMBRIAN
The pre-Cambrian rocks in Montana consist of the
Proterozoic Belt series, and the Archeozoic basal complex.
The basal complex is a series of rocks that are so
highly metamorphosed that it is hard to determine the
original charActer of the rock. In the Tobacco Root MOun-
-4-
tains they have been separated into the Cherry Creek
series and the Pony series. The first contains gniesses,
schists, quartzites, and marbles and is believed to be of
definite sedimentary origin. The latter consists of s.chists
and gniesses, and its origin is unc ez-tam, The relationships
and the exact age of these formations is unknown. These rocks
underlie the Paleozoics where the Belt series is not present.
The Belt series consists of slightly-metamorphosed
qUartzites, argillites and impure limestones. It is limited
to the western part of the state, except for a lobe that
•e~ends into the center of the state (Plate I). The thick-
ness ranges from 5,000 to 40,000 feet or more. These rocks
have been studied by several geologists in some detail and
the following table shows some of the general divisions.
· Upper Missoula gP. (undifferentiated)·• ·· ·· ·0 0 ,Seyeh gp. Helena fm.
0 Middle 0 or Spokane fm.0 0
0 Wallace gp. N eWland fIn.0
Belt series ·0 Grinnel :f'm.
Lower 0 Ravalli gP. Appekuny fin.·0 Al.tyn fm.
0 Prichard f'm.
Pre-Cambrian rocks are of little economic importance,
except as they may be host rooks for ore deposits, a~d are
of no importance for oil and gas. They are commonly used in
road construction as ballast, and for mixing with oil for sur-
facing.
-5-
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CAMBRIAN
Strata of the Cambrian period differ from one area
to another in Montana. The lower Cambrian is not present,
but the middle and upper were originally deposited over
the major portion of the state. There is a range in the
thickness of the Cambrian strata from an absence in the
WBstern Dakotas to over 2,000 feet in Idaho •. .
The general lithologic character consists of a basal
quartzite or sandstone with a series of micaceous shales
and dolomitic limestones above.
The formational names Flathead, Wolsey, Meagher,
Park, Pilgrim and Dry Creek applied by Weed (Ref: 64)' to
the Cambrian strata in the Little Belt Mountains are the
ones most commonly applied by geologists working in Mont-
ana. These names are app LLeab'Le in the mountain front
region, but are not commonly used either in the western
or southeastern parts of the state, where different con-
ditions exist, and different sets of names are app~ied.
Many geologists have studied and described the Cam-
brian rocks of this west-central portion of the state.
One of the more detailed works is by Diess (Ref: 21). In
his work he correlates and modifies the works of previous
authors to give a general picture of the Cambrian strata
over a broad area of west-central Montana. The following
descriptions of the Cambrian for.mat~ons are condensed from
the works of several authors who have described these rocks.
The Flathead is a sandstone which, over broad areas,
-6-
has been indurated to a quartzite. The color ranges
from white to buff to brownish red or pink. One of the
characteristic features is the tan and white quartz
pebbles distributed irregularly throughout, but especial-
ly plentiful near the base where locally the basal bed
may be a conglomerate. The sandstones are thick to thin
bedded, and show some cross bedding. It is somewhat
ferruginous and often the weathered surface is speckled
with limonite stains. The formation is generally believed
to be a beach deposit laid down on a flat land surface, the
surface having been formed in early Cambrian or late pre-
Cambrian times. The upper portion of the formation grades
into the Wolsey shale above with no recognizable break.
The Wolsgy is a dull-green to greenish-gray micaceous
shale interbedded with thin layers of sandstone, and worm
tracks are common throughout. In the lower portion hema-
tite or limonite are locally plentiful in the sandstone,
and in some areas relatively pure beds of hematite have been
recognized. The middle section consists of paper-thin
shales, and there are intercalated limestone nodules or
beds in a calcareous shale in the upper part.
The Meagher limestone consists of thick-to thin-
bedded, dark-gray to tan, dolomitic limestones. They often
contain buff patches, which are of a probable higher magne-
sium content. These patches are irregularly disseminated
throughout~ and this results in a mottled appearance that
gives the name "Black and Goid", a common term applied to
the formation. The presence of some flat-pebble conglomer-
ates is genera11y recognized in central Montana, but
Diess (Ref: 21, p. 1340) says that these intraformation-
al conglomerates are not common-in western Montana.
Trilobite fragments are common in some of the upper beds,
and thick layers of green-gray fissle shales may be inter-
bedded with the limestone.
The Park shale overlies the Meagher and is generally
grayish gr~en in color. It is uniformly fissle, and
slightly micaceous, containing small glistening grains of
mica. Thin peds of chocolate-brown shales, gray crystaline
limestones and micaceous sandstones may be irregularly
intercalated.
The Pilgrim dolomite, an upper Cambrian formation,
overlies the middle Cambrian Park shale :with no apparent
break in the depositional sequence, although the contact
is abrupt. It has been referred to as a limestone or
dolomitic limestone in most of the earlier reports, but
later studies have shown it to be close to a true dolo-
mite. The lower part of the formation is thick to thin
bedded, and has many thin interbedded shaly layers. It
is light gray in color, and contains variable amounts of
tan and buff patches, as irregular disseminations. The
upper portion is more massive and crystaline, and it 1s
dark gray in color. Flat-pebble conglomerates are quite
common in the lower part of the formation, which contains
many trilobite fragments.
At the top of the Cabrian series is the Dry Creek
formation. It consists chiefly of sandy, calcareous
-8-
mudstones interbedded with red and green shales, and some
r:
thin limestones. The color ranges from bright maroon to
a yellow buff and green.
The Cambrian strata of northwestern Montana are
thioker, and more calcareous, and a different group of
formational names have been applied. Following is a
list of formations of western Montana with brief litho-
logic descriptions condensed chiefly from Diess (Ref: 22).
Flathead sandstone:- At the base is a massive red
quartzite containing quartz pebbles. The remainder is a
white to cream sandstone or quartzite, speokled due to
limonite stains.
Gordon shale:- The lower part is a sandy shale with
some oolitic hematite and the upper portion is an arena-
ceous, micaceous limestone and shale. The color is gray
to green, and worm trails are very common.
Damnation limestone:- This ranges from a massive tan
limestone in the lower part to a blue-gray orystalline
limestone at the top.
Pagoda shale:- This formation is blue gray to tan.
The lower part consists of gray caloareous shales with
interbedded limestones, and the upper part is an argil-
laceous platy limestone interbedded with clay nodules.
Steamboat limestone:- This is a massive, chooolate
to tan-gray, argillaceous limestone.
SWitohback shale:- This is a green-gray shale inter-
bedded with shaly limestone.
Devils Glen dolomite:- The lower part of this unit is
-9-.
a massive, argillaceous, arenaceous cream-gray lime-
stone, and the upper portion is a massive, crystalline,
white to buff, siliceous dolomite.
In general this sequence is not greatly different
from the sequence described by Weed, and it appears that
Diess has created new names for what may be lithologic
variations of Weed's formations, which could normally
be expected in areas 100 to 150 miles apart.
South of Montana, in Wyoming, Cambrian strata are in
general similar to those in central Montana, but, with the
exception of the Flathead, different divisions have been
made--the Flathead, the Gros Ventre" and the Gallatin.
The Wyoming Flathead is quite similar to the Flathead
in Montana. The Gros Ventre is a series of fissle shales,
thin sandstones and limestones with some intraformational
conglomerates. The Gallatin formation is a series of
massive limestones and dolomites with some sandstones and
shales interbedded, and with flat-pebble conglomerate very
common, particularly in the lower part.
This set of formational names is quite widely used,
but Diess (Ref:22) proposes to divide the Cambrian in
Wyoming into two formations. He puts the Flathead and
Gros Ventre into the lower Depass formation and then dis-
cards the name Gallatin and applies th~name Boysen forma-
tion to the upper part. This 1s subdivided into the.
Maurice, Snowy Range, and Grove Creek members. The term
Gallatin was first applied to the upper Cambrian strata
in the Three Forks area by Peale (Ref: 44), but it is no
-10-
longer used in this area, so that is Diess' reason for
elimination~ the term in Wyoming; however, the advisa-
bility of the introduction of a number of new terms is
debatable.
Eastward in the Black Hills region the Cambrian
sequence is again similar to that of central Montana,
but it becomes thinn.er, and the entire series is known
as the Deadwood formation. This formation grades from a
basal ferruginous conglomerate through a series of glau-
conitic sandy shales and thin sandstones, and then into a
dolomitic limestone. with flat-pebble conglomerate and
intercalated thin green shales at the top.
The relationships of these formations are shown on
Plate II. The boundary of the upper and middle Cambrian
is generally placed in a position shovvnby palentologic
evidence. The general conclusions drawn from the character
of the strata is that a sea advanced eastward across MOnt-
ana laying down the basal sandstone as it advanced. Then
in a widespread shallow sea were deposited the shales,
limestones, and dolomites which lie above. The similarity
of lithologies across the area indicate a uniform environ-
ment of deposition.
The Cambrian rocks are of little economic importance.
Oil and gas have not been found, and all indications are
that there is none present. Of course, coal is lacking, and
the only possible products are such things as building stone,
brick, cement, etc. That part of the Meagher dolomitic
limestone which is mottled in tones of blaok and tan was
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once quarried near Radersburg for building stone, and
blocks were shipped east for cutting and polishing. The
trade name of "Black and gold marble" was applied. Al-
though the stone was satisfactory, both in its pleasing
color effects and durability, apparently shipping costs
were too great. In localities close to outcrops Cambrian
limestones are used in road making, a purpose for which it
is well suited, and certain zones within it were favorable
for metallic mineralization.
ORDOVICIAN
strata of the Ordovician period in Montana are of a
limited extent, geographically as well as in geologic
~range. Evidence shows these rocks to be restricted
~to the southeastern half of the state; and only one forma-
tion, the Big Horn dolomite, has been recognized. This has
generally been considered Richmond in age.
The Big Horn dolomite is quite uniform in lithology,
and also in thickness, averaging 300 feet. There is usually
a thin sandstone member at the base which ranges up to 30
feet thick, probably equivalent to the Lander sandstone of
Wyoming. The major portion above this basal. sandstone con-
sists of a massive dolomite which has at the top some thin-
bedded dolomite and limestone. The color is a light buff,
and it contains an irregular network of siliceous material
throughout. On weathering, the rock yields a darker color
and has a ragged network on the surface due to the sili-
ceous material contained. The massive and resistent nature
-12-
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generally results in the formation of high cliffs at the
outcrop.
In North Dakota the Big Horn (or Whitewood) is under-
lian by the Winnipeg formation which extends southward
from ~~itoba. It may extend westward into easternmost
MOntana to underlie the Big Horn ,there. This formation
consists of a basal sandstone with a sandy shale series
above. In southern Canada it is overlain by the Red River
formation, which is similar to the Big Horn and of equiva-
lent age. Above the Red River are the Stony Mountain
formation of Ordovician age, and the Stonewall formation
of Silurian age. These formations are transitional and
are not easily separated. These Silurian beds may possibly
extend southwestward into the northeastern corner of MOnt-
ana, and it is possible that Silurian rocks are present in
this part of Montana. Elsewhere in the state they have not
been found.
In the Black Hills region the equivalent of the Big
Horn is kno~m as the Whitewood formation. It is quite
similar to the Big Horn in thickness and lithology.
Southward into central Wyoming, the Big Horn is under-
lain by the Lander sandstone. This is a thin sandstone,
apparently of a rather local extent. The age is the same
as that of the Winnipeg formation, and there is some
possibility that these two may be connected. Westward
into Idaho the Ordovician is represented by a thick series
of quartzites, 'argillites, slates, and some shales and
sandstones. Thicknesses of over 9,000 feet are reported.
-13-
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Fossils are not abundant in Montana Ordovician
strata, so that correlations from paleontologic evidence
are not easy. However, some of the fossils found are
good indexes, wi th Recep_taculites oweni being the common-
est. The relationships of these formations are shown on
Plate IV.
Distribution and ,character of strata indicates that
the area of Montana was emergent during lower Ordovician
time, but as time progressed, a sea advanced over the
area from a geosyncline to the southwest. ~here was
another sea present in North Dakota and Manitoba, which
advanced to join the western sea, forming a relatively
narrow connecting sea across southern and eastern Montana
and northern Wyoming. It was in this sea that the Big
Horn formation was deposited. Than at the close of the
period, the sea had retreated, and the entire area was
emergent again.
here have been showings of oil in the Ordovician of
northeastern South Dakota and also in central Wyoming. How-
ever, the possibilities of production of 011 from these
strata do not appear very favorable. Therefore, the economic
significance of these roeks would seem minor.
DEVONIAN
Devonian strata are found over the major part of Montana,
but they are not present in the southeastern one-fourth of the
state. These rocks are essentially limestone and dolomite
with varying amounts of shale. In northern Montana and
-14-
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Alberta the upper part contains much anhydri te, and else-
where some. evaporite or solution breccias have beenrecog-
nized.
The thickness averages around 1,000 feet across the
state, but there is some thinning to the east and consider-
able thickening to the southwest, and in Idaho Devonian strata
are 3,000 feet thick •
•
The Devonian rocks in northern and central Montana have
been studied in considerable detail by Sloss and Laird (Ref:
55 and 56). The following informa tion on lithologies is con-
densed chiefly from their reports. They divide the Devonian
in southern and central Montana into a basal unit, the Jeffer-
son formation, and an upper unit, the Three Forks formation,
which is in accordance with Peal~s original subdivisions (Ref:
44). In northwestern Montana they have divided the previously
undifferentiated Devonian into units which they term, Units A,
B, and 0, rather than give formational names. In the SWeet-
grass arch of northern Montana the name Potlash anhydritewas
applied by Perry (Hef: 45) to the upper part of the Devonian.
The basal'unit is a thin member or formation which con-
sists of red, green, brown and yellOW, dolomitic shales and
mUdstones interbedded with sandy dolomite. 'I'hesebeds greatly
resemble similar strata of the underlying Cambrian Dry Creek
formation, and it is suggested that they result from a re-
working of Cambrian sediments by an upper Devonian advanCing
sea.
The Jefferson formation is the main unit of the Devonian.
-15-
It is divisible into a lower limestone member and an upper
dolomite member. The limestone member is a dark-brown
series of very dense limestones and dolomitic limestones.
At the base, are some argillaceous and also saccharoidal lime-
stones. This member is transitional from the basal unit be-
low, and thins over an old positive area in the central
portion of the state. Ihe dolomitic member is a massive
saccharoidal dolomite. The color ranges from light buff to
black, but it is generally a medium to dark brown. The upper
part contains interbedded red dolomitic shales, and there are
prominent evaporite solution breccias in the outcrop. Well
records show anhydrite or anhydri tic dolomi t'enear the top.
'I'hisis the most widespread and persistent member of the
J'efferson.
The Three Forks formation has a variable lithology.
In its type locality it is composed of a lower series of
brown dolomitic shales, a middle part of green plastic shales
with interbedded black limestone, and an upper portion of
yellow calcareous sandstone. The formation thi~s out in
all directions from its type locality, or else the shaly
facies merges into limestone and dolomite. It grades up
transitionally from the Jefferson formation below, but the
upper limit is usually well defined by a basal black shale
of Mississippian age. In the type locality the upper. sandy
member has been called the Sappington sandstone. This is a
local name for a member of limited extent.
The Potlash anhydrite has been described from well
records in the Kevin-Sunburst oil field, and it appears to
-l6-
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MISSISS:r.PPIAN
Lower Mississippian strata were originally present
Over the entire area of Montana, and over a large area of
the northwestern Great Plains. These are the group of lime-
stones to which the name Madison has been widely applied.
The upper Mississippian strata, known as the Big Snowy group,
are not as widespread, and the lithology is much more variable
than that of the Madison group.
The lower Mississippian Madison group is a thick series
of limestones and shaly limestones. It is over 2,000 feet
thick in western Montana, but thins to around 600 feet in
the southeastern part of the state. ~hese strata have been
studied and described in considerable detail by Sloss and
Hamblin (Ref: 54), and most of the following information was
obtained through a study of their report.
The Madison group is divisible into two formations, the
lower Lodgepole limestone and the upper Mission Canyon lime-
stone. In turn the Lodgepole may be subdivided into the
Woodhurst and Paine members over most of the central part
of the state.
The Lodgepole is a series of thin interbedded limestones
and calcareous shales with the lower portion, the Paine mem-
ber, generally being more shaly. At the base is a black
fissile shale which contains a conodont fauna that establishes
its age as Mississippian. This shale is quite thin, but it
is persistent over all of central Montana, and probably the
entire state. In the eastern area, the limestone beds are
thicker, and the shale partings thin, making the division
-18-
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into members impractical. However, to the west the Paine
member has the limestone and calcareous shale beds of about
equal thickness, each averaging about five inches. :r.:he
Woodhurst member is fairly uniform, and has less shale than
the Paine. Many types of well-preserved fossils are plenti-
ful, and there is an abundance of fragmental crinoid stems
and plates present. The limestones are generally dark gray
to brown in color, and much chert is included as lenticules
in the formation.
The Misslon Canyon_is a light-colored formation and is
made up of massive poorly-bedded pure limestone. It weathers
into prominent white cliffs on the outcrop. Chert is common
and is often found in large nodules. ~he character of this
formation is uniform over a widespread area. Where the
Madison is not overlain by the Big Snowy group, it was ex-
posed to late Paleozoic weathering and solution action, which
resulted in a Karst topography that left many solution chan-
nels near the top; these were later filled by subsequent
deposition.
In the Black Hills area of south Dakota the formational
names applies to the lower Mississippian are Englewood and
Pahasapa limestones. ~he basal Englewood is a thin bedded
pale.pinkish buff limestone from 25 to 50 feet thick. The
Pahasapa consists of massive gray beds with the upper part
being siliceous and flinty.
To the westward the entire Mississippian is represented
by a thick series of similar limestones which are not easily
-19-
divided into separate formations. In British Columbia this
series is over 6,000 feet thick.
The strata of the upper Mississippian are restricted to
a lesser area than were the strata of the lower part of the
period. They are found in a lobe extending from west to
east across the center of the state, and are absent to the
north and south. These rocks, known as the Big Snowy group,
overlie the Madison group, and are generally overlain by the
Amsden formation which is of upperraoat MiSSissippian and
lowermost Pennsylvanian in age.
In much of the area where these rocks are present they
are deeply burried, and outcrops are not too numerous;
accordingly, much of the study has been made on deep well
records. These strata have been described in detail by
Perry and Sloss (Ref: 47), and much of the following infor-
mation was obtained through a study of their report.
The Big Snowy group is divided into the Charles, Kibby,
Otter and Heath formations, in ascending order.
The Charles anhydrite is recognized only from well
records, and outcropings of this formation are unknown. It
is widespread, and extends as far east as central South
Dakota. It is somewhat more closely related to the Madison
group, and was probably deposited in a remanent of the older
widespread Madison sea. The foxmation is made up of light-
Colored earthy limestones and dolomites interbedded with
anhydrite. The limestones are somewhat oolitic, and some
red shales are generally found. There is a sandy zone near
-20-
the top, and the Charles grades up into the Kibby sandstone
above.
The Kibby sandstone is a persistent member in the
group, but it does not extend as far to the east as the
Charles. It consists of dull, brick-red, dolomitic, shaly
sandstones with some gypsum found locally. The sand is
poorly sorted, and the roundness of the grains is moderate.
South of the Big Snowy Mountains the formation is much more
dOlomitic, and ~oes not resemble a sandstone, although the
red color persists.
In the type area the Otter is composed of vivid green
shales intercalated with gray shales and fossiliferous lime-
stones. To the east the shales become red, and there is more
limestone present. A few beds of anhydrite are found in the
formation.
The Heath formation contains an abundance of black
tissle shale, intercalated gray shale, massive brownish sand-
stone, and some gray limestone. The black shales are petro-
liferous, and yield petroleum compounds on destructive dis-
tillation.
Overlying the Big Snowy group in most of the state, and
the Madison group in eastern and southern Montana and northern
Wyoming, is the Amsden formation. It was deposited on an
erosion surface of late Mississippian age, but there is little
angularity between it and the underlying beds. Paleontologic
evidence shows that the lower portion is Mississippian, where-
as the upper part contains fossils of Pennsylvanian age. It
-21-
is only divisible on this paleontologic evidence, and the
unit is quite consistent in its character over a large area;
hence it is now generally accepted that it should be retained
as one formation, although it does transgress a time unit
boundary.
j,'hisformation consists of a lower zone of red shales
and sandstones, and an upper zone of limestone. The lower
zone ranges from 20 to 120 feet in thickness, being thickest
in the area of the Montana-Wyoming border. In places there
is a conglomerate of Madison limestone pebbles at the base.
The upper zone consists of blue-gray limestone near the top,
which grades down into arenaceous pink limestone near the
bottom. It is also variable in thickness, and becomes thick-
er where the lower zone becomes thinner. It is thickest in
central Montana where the lower zone cannot be recognized as
a unit.
The general succession of events of Mississippian time
is that at the beginning of the period a large area of the
northwestern Great Plains was submerged, and the large
thickness of Madison limestone was deposited. Then at the
end of lower Mississippian time, the seas contracted so that
at the beginning of the middle MiSSissippian the remanent
Charles sea remained. After that the seas covered a re-
stricted basin in which the remainder of the Big Snowy group
was deposited. At about the middle of the upper part of the
period the seas retreated entirely from the area, and then
near the close of the period the Amsden sea spread out over
a large area, and persisted up into Pennsylvanian times.
-22-
Fossils are usually abundant with brachiopods,
corals, and crinoids being the commonest. Although these
are good for general age determinations, they have been
found to be of little value in detailed c<;>rrelationof
beds from one area to another, because of their local
absence, and of course identifications are imPoss~ble in
well cuttings. Therefore, other means of correlation
have been sought and tried. Insoluble residue studies
and spectrographic analyses have shown some indications
of successful application. Details of these stUdies may
be obtained from articles by Sloss and Hamblin (Ref: 54)
and Sloss and Cooke (Ref: 57).
Much oil has been produced from Mississippian strata
in Montana as well as in Wyoming and Alberta. The largest
amounts have come from the porous zones near the top of the
Madison, although some oil also has come from Amsden and
Big Snowy strata. The petroliferous shales in the Heath
may be of potential economic, value.
The Mississippian limestones are of importance for
the manufacture of cement. The plant of the Three' Forks
Portland Cement Company, at Trident, produces cement for a11
Man tana, much of the surrounding northwestern states, and
parts. of Canada. The cement is produced from the Lodgepol.e
shaly limestone. Here the formation is of such a composi-
tion that practically the proper proportions of limestone
and shale are contained, and little adjustment has to be
'made before calcining.
Lime has been produced in many localities from the
-23-
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pure beds of limestone in the Mission Canyon limestone.
In Jefferson Canyon, west of Three Forks, a pure bed of
this limestone was mined for use in sugar refining. Gypsum
is also a product of Mississippian rocks.
PENNSYLVANIAN
The strata of Pennsylvanian age are found only in the
southern half of the state, and are quite different from
east to west. In the.southwestern area they are essentially
quartzite, in the central area they consist of friable sand-
stone, and in the eastern area the sandstones become inter-
bedded with limestones and red beds.
They are underlain across the entire region by the
Amsden formation, the upper part of which has been recognized
as of Pennsylvanian age. Since these upper Amsden strata
are not lithologically divisible from the lower Mississippian
portion, they have been described with the Mississippian
period.
In the western area the Pennsylvanian formation is knovm
as the Quadrant quartzite, in the central area it is the
Tensleep sandstone, and in the eastern area the name Minne-
lusa is applied. There is some similarity, and they have
been recognized as of equivalent time range. The name
Quardrant formation was erroneously used by some of the
earlier writers of central Montana to include beds that
were later recognized as Big Sno~zy and Amsden.
The following lithologic descriptions of the Pennsyl-
vanian strata are the genera1 features recognized by most
-24-
Uf-
<
)C /: '<,VI .1
<! (
«z
«,_
~oz:
I
I.- -- -- .._- _.
authors in their descriptions of these rocks.
The Quadrant of western Montana consists of hard massive
beds of quartzite with some cherty dolomitic limestone and
thin chert layers interbedded. The quartzites are mainly
white to gray, but buff and pink colorations are often
mentioned. Cross-bedding is commonly recognized. The
quadrant in westernmost MOntana ranges between 500 and 800
feet in thickness, but thins out to the east. Southward in
Idaho the formation becomes much thicker and contains more
limestone. Here, and in Utah and Colorado, it is known as
the Wells formation. In northwestern MOntana Paleozoic strata
are missing due to uplift and erosion, but to the north in
British Columbia an equivalent quartzite, very similar in
character ·to the Quardrant, is known' as the Rocky Mountain
quartzite.
The Tensleep sandstone is found in south-central :Mont-
ana and in north-central Wyoming. It is relatively thin,
ranging from 50 to 150 feet in thickness. The sandstone in
certain localities is almost pure quartz,w1th purities of
98% silica common. '!he grains are transparent subangu1ar
and uniform in size. It is a soft friable sandstone shOwing
considerable emoun ts of cross:-bedding, and it is found to
have very good porosity and permeability. Dear the top the
sands may be calcareous. The color is light buff or white,
and in well cuttings the clean white sands are easily recog-
nized.
Eastward the lithology changes, and the Pennsylvanian
is here known as the Minnelusa formation. It becomes a ~hick
I
-25-
series of saccharoidal sandstones with a considerable
amount of limestone interbedded. The sandstones are coarse-
ly granular, and most of them are calcareous. They differ
from white or light buff in some area to an iron-stained
brick-red color in others. In this eastern Montana region
the Amsden and Minnelusa are very similar, and it is diffi-
cult to make a division between the two formations.
The manner of deposition of these Pennsylvanian rocks
is somewhat in doubt, and evidence for both marine and
terrestrial deposition is found. However, it is quite certain
~hat a sea was present in the geos~cl~ne to the west, and
that it extended over most of the area of Quardrant deposi-
tion. The Minnelusa is marine, and it appears that the area
of Tensleep deposition may have been a positive area between.
these two seas. It is quite possible that both marine and
eolean action were combined in the deposition of the Tensleep,
as might be the case along a shore l.ine. The northern limit
of these beds does not show the northern extent of Pennsyl-
vanian deposition, but shows the extent after pre-Ellis erosion.
The actual extent of this deposition is not known.
The Tensleep sand is a very good reservoir rock for oil,
and is productive in both Montana and Wyoming. The area where
, this sand changes to the tight Quadrant quartzite is of eco-
nomic significance, as here it ceases to be ~ potential pro-
ducer. The Minnelusa is also a producer of oil in Wyoming.
Another economic aspect of the Tensleep is that the sands in
places are of a purity required in the manufacture of glass.
However, the small grain size is objectionable. It may prove
-26-
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to be a desirable moulding sand.
P:E:RMIAN
strata of Permian age are restricted to the southern
portion of Montana. The rocks differ considerably from
east to west across the state.
In the extreme eastern portion of Montana, and on east-
ward into the Dakotas, the Permian is represented by the
Opeche sandstone below, and the Minnekahta formation above.
The O~e.che is a group of soft red slabby sandstones and sandy
shales. The Minnekahta is a series of gray limestones and
gray shales. These beds are believed to be part marine and
part terrestrial.
Tb the west in the extreme south-central portion of
1funtan§ and on through central Wyoming the Embar formation
is the representative of the Permian. It is quite thin, with
50 feet being about the maximum thickness in MOntana; but it
thickens to around 400 feet in parts of Wyoming. It is a
series of limestones and shales that are gray to black in
color; however, some red strata are found to be interbedded
in the area near the Minnekahta-Opeche series. It appears
to be a transitional phase between the red bed series to the
east and the marine Phosphoria to the west.
In southwestern MOntana and Idaho the Permian is a thick
marine series known as the P~osphoria formation. It is com-
posed mainly of dark gray-cherty quartzite interbedded with
black fissle shales and limestone, and one or more beds of
oolitic phosphate rock. These phosphate beds in a fresh
exposure are dark gray to black in color, but on weathering
-27-
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the oolites change to white, and ~he matrix remains dark.
This makes small fragments conspicuous in the outcrop, and
it is one of the best criteria for recognition of these
.
beds. The number and thickness of the phosphate beds differ
in various areas. Usually at least one bed is recognized,
and several may appear. In general the beds are from a few
inches to a foot or two in thickness, and it is only 100ally
that the beds become thick enough to be minable. Thechert
may occur as massive beds, or as ropy masses and nodules in
the shale. The black fissle Shales are petroliferous, and
will yield petroleum on destructive distillation. South of
Dillon a 25-foot zone of this shale will yield 15 to 30
gallons of oil per ton of shale.
The general pattern of deposition during the Permian
indicates that a seaadvanced from the southwest over the area
of southemMontana and Wyoming and into the Dakotas. .An arm
of this sea extended northward in western Montana and Canada,
but the full extent is unknown. There is evidence that a sea
extended southward into British Columbia from the north. ~ey
probably were connected, but this has not been determined.
Oil has been found in the Permian in Wyoming, but it has
yielded none in MOntana. Phosphate has been mined from the
Phosphoria in both Montana and Idaho, and these phosphate beds
have been found to contain a small amount or vanadium. A
potentia1 economic value may exist in the "oi1" shales.
TRIASSIC
Strata of the Triassic are also restricted to the southern
-28-
part of the state. The major portion of these rocks are
probably terrestrial in origin, with a change to the
marine facies in southwestern Montana, central Wyoming
and the Black Hills region of South Dakota.
In southern Montana the Triassic terrestrial deposits
are known as the Chugwater formation. It is about 800 feet
thick near the Wyoming border, but it thins out rapidly to
the north. These strata are a series of soft, fine-grained,
massive, brick-red sandstones and shales. There are a few
thin-bedded limestones, and thick gypsum beds are present
over a considerable area. In wells in North Dakota salt
and anhydri te are found in rocks of l.'riassicage.
~o the southeast in the Black Hills region the Spear~
fish formation._is theeq_uivalent of the Ohugwater. This
formation is composed of limestones and marine sbales inter-
bedded with the red beds, and appears to be a facies change
from marine to terrestrial deposition. In this area, and the
region of eastern Montana, ~riassic strata are similar to
overlying Jurassic strata, and also to the underlying·Permian
and Pennsylvanian strata. Separation of these beds may at
first be difficult, but to persons familiar with the area,
the distinction between the various formations is not too
hard.
In southwestern Montana the Triassic strata are marine,
and are known as the Woodside formation. ~his is a series
of fine-grained, thinly ~edded, reddish brown shales with
gray limestones, which weather to a chocolate-brown color.
-29-
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The shales are often found to contain ripple-marks, mud
cracks, and raindrop imprints.
In the area south and west of Yellowstone Park a basal
unit of the Triassic, known as the Dinwoody formation, under-
lies the Woodside; and it appears to be transitional from
the Permian below. It is a shaly limestone with some sandy
shale interbedded; very thin in Montana, but thicker to the
south. Southwest in Idaho the Woodside is overlain by a
thick series of marine limestones and shales that are known
as the Thaynes formation. The representative of the Triassic
in British columbia is the Spray River formation, but the
connection between this and the Montana formations is un-
determinable.
A general paleogeographic picture shows that during
Triassic time almost the entire area of what is now Montana
was emergent with seas existing to the southwest, south
and southeast. ~errestrial deposits were laid down in the
southern Montana region while marine sediments were being
deposited in the areas to the south.
No oil has been found in the 'i'riassicof Montana, but
in wyoming rocks of this age have yielded some oil and gas.
The thick gypsum beds have been mined, and are a reserve for
future production if the market in this northwest region is
expanded.
JURASSIC
Jurassic strata are present throughout most of the state.
These strata are divisible into a lower marine series, laid
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down in the latter part of middle Jurassic time, and an
upper terrestrial series, laid down at the end of Jurassic
time.
The marine strata are found to have been deposited
everywhere in Montana, except in a small portion at the
southwest eorner. They are known as the Ellis formation
in northern and central Montana, and as the Sundance formation
in southeastern Montana, Wyoming, and the Dakotas. These two
formations have been found to be of equivalent age and general
character over the whole area. They are both divisible into
an upper and lower part in most of the areas of exposure, but
few looal names have been applied to these divisions, and the
general tendency is to use the terms upper ~llis and lower
Ellis, or upper Sundance and lower Sundance. The thickness
is qUite variable over the area, with the formation thicken-
ing rapidly in the extreme western part of Montana and in
British columbia. In the remainder of the area the thickness
ranges between 100 and 300 feet except for an area in the
eastern part of Montana and western North Dakota where they
thicken considerably in what appears to be an old basinal
area.
':L'helithologic character changes somewhat from one
area to another. In general a thin basal calcareous sand-
stone is overlain by a dark-gray fossiliferous limestone.
This grades up into earthy limestones, limY'shaly sandstones,
and greenish calcareous shales. Often some of the beds are
very fossiliferous with Belemnites, Graphaea, and Penticr1nus. -
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being the commonest forms. Commercial gypsum beds are found
locally in the lower part of the formation, and in some'areas
considerable amounts of gypsum~ found interbedded with red
shales. In Wyoming this lower part has been called the f}ypsum
Springs formation.
'ro the south in Wyoming a sandstone, known as the Nugget
sandstone of earlier Triassic age, underlies the Sundance or
~llis formation. It is quite thick in southern Idaho, but is
only four feet thick in the southern Black Hills area. It
pinches out along a line running from the southern Black Hills
area through the center of wyoming and into Idaho south of
the Montana border. In Idaho the entire period is represented
by a thick series of sediments, and a different series of names
is applied.
:tlheuppermost Jurassic is represented by a terrestrial
deposit, known as the Morrison formation, which is present in
southern Montana, Wyoming, and Colorado. In northern Montana
there has been some uncertainty as to whether any Morrison
is represented in the terrestrial deposits found there,but
some of the recent studies have placed the JurassiC-Cretaceous
boundary slightly higher than it had been determined earlier,
and this puts the lower part of the terrestrial beds in the
Jurassic. This may extend the Morrison into northern Mont-
ana and possibly into Canada.
The Morrison is a series of varicolored sandstones and
shales. At the base is a yellowish to tan sandstone, and
above are a group of fine-grained, soft sandstones inter-
-32-
bedded with hard shales. The shales are varigated with
lavender, gray, green, yellow and red oolors predOminating.
These beds grade up into the lower Cretaoeous Kootenai for-
mation whioh is somewhat similar in lithology. The Lewistown_
Great Falls ooal seam, that has been plaoed in the K90tenai
by earlier authors, is now generally believed to be in the
.Morrison. Aocording to Brown (Ref: 8) the boundary between
the Jurassio and cretaceous is either just at or slightly
above this coal seam which is qUite persistent over much of
the area. This boundary was so placed after a study of the
p~ant fossils in these beds.
The general pattern of Jurassio deposition indioates that
the area was emergent during the lower and most of the middle
part of the period, with a sea advancing southward from Canada,
through Montana, and on to the south in the late portion of
the period. It was in this sea that the Ellis and Sundance
formations were laid down. The thickening of the beds in
western Montana indicates that a land mass existed just to
the west. A penninsula or island probably was present in the
area of the southern Montana-Idaho boundary to account for
the absence of these sediments there. Near the end of the
period, the sea retreated, and the entire area became a flat
plain extending out from mountains to the west. The Morrison
was deposited upon this plain. This condition of terrestrial
deposition carried on into the cretaceous period.
Some oil has been produced from the Ellis in Montara,
and the SUndance is productive of oil and gas in wyoming.
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A little oil is also produced from the Morrison. Gypsum
has been produced from both of these fo~ations, particularly
from the lower part of the Ellis; and the gypsum mines at
Heath, Montana are the largest in the northwestern United
States.
CRETACEOUS
The oretaceous period of Montana has been the subject
of much study. It is present in the entire area of the
state; however, many formations that represent several facies
changes are found. A series of maps showing the distribution
of'these various formations has been prepared by Reeside
(Ref: 49). This series of maps shows in a rather brief form
the distribution of the various phases of cretaceous deposi-
tion, along with a brief discussion of each. Therefore, the
reader is referred to this work for additional information
on the distribution of cretaceous sediments in the northern
Great Plains region.
A thorough discussion of the cretaceous would require
a rather lenghty report in itself, so here it will be taken
up rather briefly, and only the general features will be
included. Similar to the Cretaceous of other regions in the
southern United states, the cretaceous is divided into the
upper and lower periods. The lower is fairly simple, but
the upper becomes more complex.
The Lower Cretaceous is represented by one formation
over all of the area under discussion. The overall litho-
logiC character of the formation is similar, but in some
areas the character and succession of beds differ considerably.
Various names are applied to the formation with Kootenai being
used most widely in Montana. It is known as the Kootnay in
British Columbia and as the Blairmore in Alberta. In south-
central Montana and Wyoming the name Cloverly is generally
u'Sed,whereas to the east it is called the Dakota formation.
The Cloverly and Dakota are usually divided into three mem-
bers; the lower Lakota sandstone, the middle Fuson shale,and
the upper Dakota or Graybull sandstone. This upper sand now
appears to be of upper rather than of lower Cretaceous age.
Lower cretaceous sediments are terrestrial deposits, and
grade up from the Morrison formation below. fl'heyare a series
of sandstones and varigated shales. Common near the base is
a sandstone of 50 to 100 feet in thickness. In the western
region the sandstone becomes conglomeritie with the pebbles
consisting of dark chert and light quartzite. To the east
the sandstone is made up ot black chert and white quartz,
and this results in the name "Saltand Pepper sand", which
is commonly used. This basal sand is probably the Sunburst
sand in the Cut Bank field, the 'rhird Cat Creek sand in the
Cat Creek field, and the Lakota sand of the Cloverly and
Dakota formations.
Above this basal sandstone is a series of varigated
shales interbedded with thin sandstones. Lhe shales are
predominantly red with some green and gray. These red beds
serve as a good means of placing the boundary between the
Kootenai and the overlying Colorado which is usually a dark
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gray to blaok. In well reoords the first red beds are
commonly considered to be the top of the Kootenai. This
formatIon generally has a thiok sandstone near the top,
and ocoasionally a sandstone is found near the middl"e.
In the upper portion some thin beds of impure limestone
are often recognized. In southwestern Montana there is a
limestone member that oontains a large number of fresh-water
type gastrapod$. "
The upper Cretaceous is divided into the lower Colo-
rado group of marine sediments and the upper Montana group
o:{,partly marine and partly terrestrial sediments.
The Colorado group is persistent over a large part
of the Great Plains and eastern Rocky MOuntain region. It
is a series of mainly shales with some sandstones. This
group can be divided from botton upward into the Thermopolis,
Mowry, Frontier, Carlile and Niobrara. These names are
oarried over from the area to the south, where the divisions
are better defined than in Montana. The Frontier is a sand-
stone which separates the upper and lower predominently shale
portions of t he series. The Thermopolis and Mowry are dense
shale to sandy shale, with the color ranging from drab green
to gray or black. These two members are not easily separated,
and in nor-tnwes'tern Montana they become merged to make up a
shale series with sandstone members, known as the Blackleaf
sandy member. The upper Carlile and Niobrara are d.ark-green
to blaok shales that are not readily separated. Often the
whole group is referred to as the Colorado shales, and no
separation into formations is made. The shales are petro-
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liferous, and constitute a good source rock for oil.
Above the Colorado is the Montana group. This name
is applicable only to the area across central and eastern
MOntana where the alternating marine and terrestrial deposits
were laid down. To the east it becomes almost entirely marine
shales (Pierre shale), in the northwest it becomes mainly
terrestrial (Two Medicine formation, etc.) and in the south-
west it is merged into a series of volcanics and pyroclastics.
Tne Montana group can be divided from botton upward into
the Eagle, Claggett, Judith River, Bearpaw and Fox Hills for-
mations.
The Eagle is essentially a massive sandstone 200 to 300
feet thick, with a shale zone near the center. It is a wide-
spread terrestrial deposit that merges eastward into th,ebase
of the Pierre shale. A commercial coal seam is found in the
shale zone west of Billings. The massive sandstone forms prom-
inent cliffs at the outcrop.
The Claggett is made up essentially of marine shales,
and shows an advance of the sea over part of the area from
which it had retreated at the end of Colorado times. It is
composed of soft clay shales, and contains some bentonite as
thin beds. Some gypsum is found as crystals or crystal
clusters of selenite scattered throughout the shale. To the
west of central MDntana it becomes sandy and grades into the
Two Medicine formation of northwestern Montana.
The Judith River is another land-laid deposit that shows
an eastward retreat of the sea. It is composed mainly of
interbedded sandstones and shales. It is drab green in color
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due to arkosic material contained in the beds. Some
commercial coal beds are found to be present. It grades
from the Two Medicine formation on the west through the sand-
stone and shale series of central Montana ~nto the Pierre
shale in the Dakotas.
The Bearpaw shale tells of the last advance of the sea
over this area. It is present in all of eastern and central
Montana, and extends into northwestern Montana. It consists
of soft gray gumbo-shales and clay-shales. They are very
similar to those of the Claggett, and likewise contain
gypsum crystals and bentonite layers. There are some layers
of shaly sandstone and local layers of calcareous concretions.
It becomes quite sandy in the west, but in the east it is
indistinguishable from the remainder of the Pierre shale.
The uppermost member of the Montana group is the Fox-
Hills sandstone. It reveals the withdrawal of the sea far
to the east, and a period of terrestrial deposition. It is
a massive sandstone, 50 to 150 feet thick. In northwestern
Montana the HOrsethief sandstone is probably the equivalent
of the Fox Hills. It appears to be the basal member of a
great series of terrestrial beds which carry· on through the
Cretaceous and into much of the Tertiary period. Some work-
ers have placed it in the Lance formation as a basal member,
but it is generally placed in the Montana group.
In southwestern WIDntana, during the time of deposition
of the Montana group, a very different situation existed.
Here a series of volcanoes were present along a line extend-
_~ ing northwest from the area north of Yellowstone Park to a
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region in west-central Montana near Augu-sta. Detri tus
from these volcanoes grades from the normal Montana group
in central Montana, through a thick series of clastics and
pyroclastics near Livingston, into a series of lavas in the
area to the southwest. The name Livingston formation is
applied to this series.
Above the Montan-a group, and present over a widespread
area, is the Lance formation. It represents the final part
of the Cretaceous period, and grades up into the Fort Union
formation of Tertiary age, the exact boundary between the
two formations being unc:ertain. It is composed of shaly
sandstones that were deposited on a broad flat plain exist-
ing on the eastern side of the Rocky Mountains, which were
being uplifted and eroded to supply the material being de-
posited.
Processes causing deposition in Montana during
Cretaceous time are revealed by the character of the sedi-
ments. At the beginning of the period the area was emergent,
carrying over from upper Jurassic time. There appears to
have been a rejuvination of the mountain range to the west
in the early part of the period, as evidenced by the congLomer-
ate and sandstone in the Kootenai. The land remained a flat
plain, and was covered with terrestrial sediments throughout
the lower part of the period.
At the beginning ot_upper times the whole
~was rapidly 0a~ered by the Widaspread Colorado sea, in
which the seri~!d of CaloC-l;t'e,doha'les wer-e deposited. Then at
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the beginning of Montana times the sea began to retreat.
However this retreat fluctuated, and brought about the
alternating sequence of marine and terrestrial deposition.
At the end of MOntana times the sea retreated entirely from
the area of Montana, and the Rocky Mountains began to form.
These mountains furnished hugh amounts of sediments which
were deposited on the flat piedmont plain out in front of
the mountain range. This condition continued through the
end of Cretaceous time and into Tertiary time.
Sections of the Lower Cretaceous and the Upper Cretaceous
Colorado group are shown on Plate XVII. Plate XVIII shows
the relations of the Montana group. It was compiled by Mr.
Frank Frankovich, a fellow student, who is working on the
Upper Cretaceous problem at the present time. This plate
will appear in his thesis, and he has very generously allowed
its inclusion in this report.
The Cretaceous sediments have been the most productive
of the entire sedimentary series of oil and gas in MOntana.
Oil and gas have been obtained from the Kootenai-C1overly,
Blackleaf and Frontier sands. Gas also has been obtained
from the Eagle, Judith River and Lance sands. Coal comes
from the Eagle, Judith River and Lance formations, and the
Kootenai shales are widely used for making brick.
TERTIARY
Tertiary strata of Montana consist of a group of
terrestrial and fresh water deposits distributed mainly in
the eastern half of the state, as well as in the intermontane
-40-
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valleys of the western half.
The main formation is the Fort Union which results from
a continuation of late Cretaceous deposition. This formation
has been divided into the Tullock, Lebo an~ Tongue River
formations. The Tullock is a soft sandy shale with some coal
beds. The Lebo consists mainly of shales, and also contains
some coal. The Tongue River is composed of a1ternating mem-
bers of sandstone and shale.
Above the Fort Union group in easternmost Montana is
found a formation, known as the Wasatch, made up essentially
of soft sandstones and shales or clays with much coal.
In the western part of the state later Tertiary sediments
were deposited as lake beds which occupy intermontane valleys.
These sediments consist of soft clays, sand and gravels. In
central and eastern r&Ontana_also some high level gravels cap
uplands; they were probably formed as alluvial material on a
near peneplane, and this was later elevated to place the gravels
in their present P9sition.
Oil and gas are not produced from the Tertiary etrata in
MOntana. Coal is produced from many seams in the Tertiary
sediments, and here lies the huge reserves of coal in Montana.
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